A theoretical analysis of the initial rates of product appearance in both compartments of a specifically designed diffusion cell separated by an asymmetrical enzyme membrane is presented. Variable substrate concentrations and different substrate diffusional limitations were considered. Our analysis shows that, under specific conditions, not only a product accumulation occurs in the compartment opposite to that in which the reaction takes place, but that substrate saturable kinetics can be obtained. These product translocation-like kinetics appear similar to those observed with translocation processes reported for biological situations. For such phenomena, a key role of the diffusion layer surrounding a bioactive surface is proposed.
INTRODUCTION
Considerable advances have been made recently in the understanding of solute transport across biological membranes (West, 1983) . It is now well accepted that passive transport (i.e. facilitated diffusion or not) occurs from a high electrochemical potential to a lower potential, whereas active transport occurs against an electrochemical gradient. Product accumulation in a preferential compartment generally leads to the conclusion of an active transport process.
In group-translocation processes, a substance entering a cell is converted into a product by an enzymic-like reaction. According to Peter Mitchell's (1967) theory, membrane-bound enzymes could assume a vectorial character such that the chemical modification of substrate could proceed concomitantly with transfer across the membrane, and product could be released into a different compartment from that containing substrate.
The goal of the work presented here is to show that an active product translocation effect with saturable kinetics can be observed when using an artificial porous membrane bearing an enzyme immobilized only on one side and separating two compartments of widely different volumes. Previous data obtained in our group Maisterrena et al., 1985) allowed us to assess more precisely the role of the diffusion layer, existing close to a porous enzymic membrane, on product flux splitting and distribution in both compartments. More recently, published experimental data and mathematical analysis demonstrated that, with an asymmetrical enzyme membrane system, it is possible to concentrate the reaction product in the compartment opposite to that in which the reaction occurs (Maisterrena et al., 1986 When the reaction takes place, the product generated at the enzyme level diffuses both through the membrane to reach Compartment I and through the boundary layer to reach Compartment II. At steady state, the product concentrations in both compartments are expressed at any time by eqns. (1) and (2) (Maisterrena et al., 1986) (all the symbols used and their subscripts are listed and defined in Table 1 (Engasser & Horvath, 1976) max Ao = t-Bo) (4) (7) Only the positive root of eqn. (6) was introduced in eqns. (1) and (2) for the calculus of PI, and PI, t versus time. A similar equation was proposed some years ago (Hill & Whittingham, 1957) and used more recently (Walker et al., 1979) . Parameters with variable values introduced in eqns. (1), (2) and (3) are given in Table 2 .
Five cases were considered for computerization, allowing the calculation of the product concentrations (PI and PI,) Comparison with an 'enzyme-reflecting system'. When looking at the compartment in which the reaction occurs it is important to compare the case of a compartmentalized system such as that described here (Fig. 2a) with what can be called an 'enzyme-reflecting system', i.e. involving an impervious enzyme membrane (Fig. 2b) . The simulation of the reflecting case described in Fig.  2(b) was performed with the previously-given parameters using only eqn. (3). To express the enzymic rate in terms of product concentration per time unit, a total volume (VT) of 359 C13, corresponding to VI+ VI,, was used. Fig. 2(b) shows that the effects of the diffusional limitations on the apparent enzymic rate are far less pronounced than those obtained in a compartmentalized enzyme system (Fig. 2a) .
Vol. 242 (2) and (3) are given in Fig. 2(a) for comparison with Fig. 2(b) , which shows the enzymic-rate profiles obtained in a reflecting system by using eqn. (3). The values introduced in the different equations are those given in the text. For symbols, see Table 1 . S is substrate and E is enzyme. Furthermore, what is of considerable importance is the fact that, in a reflecting system, the effects of the diffusional limitations on the enzymic rate vanish for high substrate concentrations, whereas in a compartmentalized system the effects are greatly amplified and maintained, whatever the substrate concentration. (b) Study of the initial rate versus the external substrate diffusional limitations Fig. 3 shows the effect of the external diffusional limitations for values of the substrate modulus ranging from 0 to 10 and for three different dimensionless substrate concentrations (ft = 0.1, 1 and 10) either on the overall initial rate, rT, or on the rate of product appearance in Compartments I and II, i.e r, and rll (expressed here for a better understanding of product quantity per time unit). In order to have a better comparison between the three cases here considered, the same scale has been chosen for Figs 3(a), 3(b) and 3(c) .
Profiles of rT and r11 always decrease for increasing values of ,t, whereas the r, profiles first increase and, after reaching a maximum, decrease. Fig. 3a ) and for high values of gv, we notice that the initial rate in Compartment I (rl) is approximately equal to the overall initial rate (rT). In this case, the quasi-totality of the product reaches Compartment I.
It must also be pointed out that, as seen in Figs 3(a) , 3(b) and 3(c), the intercept of the r, and r11 profiles are obtained for the same ,u-value (equal to 1.4). This corresponds to the equality of the product membrane resistance and product diffusion-layer resistance, Rm,p and R8 p respectively, only in this case the initial enzymic rates are the same in both compartments, whatever the substrate concentration. Conclusions Up to now, most of the studies dealing with enzymes attached to a solid surface in contact with a substrate solution have been performed taking into account the rates oftransport ofsubstrate and product to and from the enzymic surface. In such a 'reflecting system', the effect of the external diffusional limitations for the substrate tends to lower the apparent enzyme activity because of the substrate depletion in the microenvironment. In the work reported here, the case of a non-impervious surface has been considered, leading to the asymmetric distribution on both sides of the membrane of the product generated at the enzyme level.
Results previously reported using such a membrane separating two compartments of a specially designed diffusion cell had shown that, for a fixed substrate concentration, a product accumulation could be obtained in the compartment opposite to that in which the reaction occurred (Maisterrena et al., 1986) .
In the present work the theoretical approach used allowed us to show that substrate saturable kinetics could be obtained (Figs 1 and 2) . Thus it appears that, under specific conditions, an enzyme bound on to the surface of a porous membrane exhibits producttranslocation-like kinetics and then can play the role of a translocase.
So far, when an unstirred layer was taken into account for the study of transport systems, this layer was considered as an additional resistance to the membrane resistance itself. In our case it must be pointed out that the product to be transported is generated at the active-membrane/unstirred-layer interface. This may be considered as a situation closer to the situation which may exist in biological systems.
In recent work concerning membrane-linked freeenergy transduction (Westerhoff et al., 1984) , the authors pointed out that "...proton diffusion through aqueous phases is too rapid to allow for the steady state proton electrochemical potential to be significantly heterogeneous." The authors concluded that ". . rather than trying to formulate mechanisms for rapid surface conduction, one should try to envisage ways in which equilibration of protons on the membrane's surface with the bulk aqueous phase can be appreciably retarded."
In our opinion the present work may tentatively provide an explanation: by keeping the proton from moving too rapidly into the bulk aqueous phase, the unstirred layer existing close to the membrane surface may maintain a significant electrochemical gradient.
In conclusion, our results demonstrate that the boundary layer existing in the immediate vicinity of a porous enzymic surface should be taken into account, not only as a substrate diffusional barrier, but essentially as a new compartment in which the high product concentration level governs its own distribution on both sides of the membrane. The existence of this new compartment may be of general significance in numerous biological situations and may tentatively explain grouptranslocation processes.
